A family of genes related to the Drosophila wingless receptor frizzled have been found in vertebrates. We have cloned full length cDNAs of two novel frizzled genes from embryonic Xenopus tissue. We are calling them Xfz7 and Xfz9 (for Xenopus frizzled) because their deduced peptide sequences show extensive similarity to other vertebrate frizzled molecules. Xfz7 is closely related to human, chick and mouse frz-7 and Xfz9 is most related to human FZD9 and mouse fzd9. Xfz7 is expressed in a broad, complex and dynamic pattern beginning at gastrulation. At later stages Xfz7 expression is found in neural crest, neural tube, eye, pronephric duct and the heart. Xfz9 expression in contrast is more restricted to the neuroectoderm and, at later stages of development, to the dorsal regions of the mid-and hindbrain. q
Results

Two novel Xenopus frizzled genes
Members of the frizzled family of seven pass transmembrane proteins have recently been identi®ed as receptors for Wnt ligands (Bhanot et al., 1996; Yang-Snyder et al., 1996) . The Frizzleds are represented as a large family in a typical vertebrate genome (e.g. Wang et al., 1996) . In order to study the role of Wnt signalling in organogenesis we have cloned novel frizzled receptors from Xenopus using a PCR based strategy (see Section 2).
We suggest naming the ®rst of our two novel frizzled clones Xfz7 because the deduced peptide sequence (Fig.  1) is closely related to those of human, chicken and mouse frizzled-7 Kengaku et al., 1997; Sagara et al., 1998) . A Xenopus frizzled cDNA with a similar amino acid sequence has recently been independently cloned (Steinbeisser, personal communication; Wedlich, personal communication) . The deduced protein sequence of the second novel frizzled clone (Fig. 1) shows close sequence similarity with human and mouse frizzled-9 sequences (Wang et al., 1997 (Wang et al., , 1999 . Thus, we suggest calling this new Xenopus frizzled clone Xfz9. In order to begin to understand their role in embryonic development we have looked at the expression of these two novel Xenopus frizzleds by whole mount RNA in situ hybridisation.
Broad and complex spatial expression of Xfz7 during Xenopus development
Xfz7 is broadly expressed during gastrulation ( Fig. 2A,I ). A ring of expression can be seen surrounding the blastopore lip ( Fig. 2A) . This expression mainly resides in deep mesodermal cells (Fig. 2I ), but weaker expression is also detected in the invaginating endoderm. The stronger expression in the animal cap seems to coincide with the prospective anterior neuroectoderm. During neurulation transcripts accumulate in the mandibular and hyoid neural crest (Fig. 2B) . Weaker expression can be seen at the same stage in the somitic and lateral mesoderm (Fig. 2B ,J) as well as in cells of the heart®eld which are migrating towards the ventral midline (Fig. 2B,C) .
Xfz7 expression is retained at later stages in the neural crest of the mandibular and hyoid arches and the developing heart (Fig. 2D ). New expression domains in the neural tube, the pronephros region and the prospective tailbud become evident ( Fig. 2D ). At tailbud stage (Fig. 2E±H ), a band of weak expression emerges in the intermediate mesoderm Meyer et al., 1995) .
Although Xfz7 is ®rst widely expressed in the head region in a complex pattern (Fig. 2E,F) , at later stages it becomes more restricted to the hindbrain (Fig. 2G) . Cross-sections reveal that Xfz7 expression is excluded from both the roof and the¯oor plate (Fig. 2K,L) . In the forebrain, Xfz7 is only expressed in lateral neural tube (Fig. 2K) . In the hindbrain, this expression is further concentrated to the ventrolateral neural tube (Fig. 2L) . Strong expression in the eye is particularly obvious in tadpole stage embryos (Fig. 2G,N) .
The expression in the heart ®eld ( Fig. 2B±D) is retained in the developing heart itself ( Fig. 2E±G ) and appears to be Fig. 1 . The putative protein sequence of Xfz7 and Xfz9 aligned to human FZD7 (Sagara et al., 1998) and human FZD9 (originally described as FZD3, Wang et al., 1997) . Xfz7 has 77% identity (84% similarity) with FZD7. Xfz9 and FZD9 are 61% identical (65% similarity). Spaces inserted for alignment are shown by dots. Black shading indicates residues shared by all four frizzled sequences. close up view of heart, (P) stage 33/34 close up view of heart. ba, branchial arches; bl, blastopore lip; D, dorsal; e, eye; en, endocardium; end, endoderm; h, heart; hb, hindbrain; hf, heart ®eld; hnc, hyoid neural crest; isa, intersomitic arteries; im, lateral mesoderm; m, myocardium; mes, mesoderm; mnc, mandibular neural crest; nc, neural crest; ne, neuroectoderm; not, notochord; nt, neural tube; p, pericardium; pn, pronephros; pnd, pronephric duct; sm, somitic mesoderm; tb, tailbud; V, ventral. restricted to the peri-and myocardium ( Fig. 2O,P) . The putative homologue in chick (cFZ7) was found to be expressed in the same tissues as Xfz7 (Kengaku et al., 1997) . However, cFZ7 expression was not detected in the developing chick heart at the stages examined.
Spatially restricted expression of Xfz9 during Xenopus development
Weak expression of Xfz9 is detected in the neural ectoderm during late gastrula (data not shown) and early neurula stages (Fig. 3A,E) . The neural tube expression increases in the midbrain region during later neurula stages (Fig. 3A) . After neurulation, the expression becomes progressively more restricted to the mid-and hindbrain (Fig. 3B±D) where it is focused in dorsal regions of the neural tube (Fig. 3F,G) .
The main expression domain of the putative human and mouse homologues were also found in the developing neural tube (Wang et al., 1997 (Wang et al., , 1999 , which is consistent with human FZD9 being postulated as candidate locus for the neurological disorder Williams-Beuren Syndrome (Wang et al., 1997) . However, some weaker expression of mouse Fzd9 is also detected in other embryonic tissues such as trunk skeletal muscle tissue and the nephric ducts (Wang et al., 1999) . using primers derived from conserved portions of frizzled genes. The PCR primers used were based on those used in Wang et al. (1996) with minor modi®cations. Detailed PCR conditions are available upon request. Three different products were obtained. Upon sequencing one corresponded to Xfz3 (Shi et al., 1998) . The other two were used to screen a Xenopus stage 17 l gt10 library (Kintner and Melton, 1987) as described in Church and Gilbert (1984) . The complete sequence of Xfz7 and Xfz9 have been deposited in the GenBank database under accession numbers AF159106 and AF159107, respectively.
Materials and methods
RT±PCR was carried out on
Whole mount in situ hybridisation was performed as previously described (Harland, 1991) . Some of these embryos were cryosectioned after the in situ hybridisation to visualise the expression in internal tissues. Sense controls were carried out at all stages. Staging according to Nieuwkoop and Faber (1967) .
